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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyright ª 2015, TaiwanBackground: Nationwide birth weight norms for twins have been reported in several countries
across different ethnicities, but such data have not been established in Taiwan. The purpose of
this study was to develop reference growth charts that are population-based and contain the
information of birth weight percentiles by gestational age for twin neonates in Taiwan.
Methods: In this study, we collected nationwide birth weight data for twins by sex and gesta-
tional age through the Taiwan Birth Registry. Percentiles, means, and standard deviations of
birth weight for each 1-week increment of gestational age from 21 weeks of gestation were
estimated and smoothed using weighted polynomial models.
Results: The 10th, 50th, and 90th percentiles of birth weight born at the 37th gestational week
were 2174 g, 2580 g, and 3125 g for male twins, respectively, and they were 2100 g, 2500 g, and
3000 g for female twins, respectively. The 10th, 50th, and 90th percentiles of birth weight bornof Pediatrics, National Taiwan University Hospital and National Taiwan University College of Medi-
d, Taipei, Taiwan.
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Twin birth weight percentiles by gestational age 295at the 40th gestational week were 2326, 3285, and 3790 g for male twins, respectively, and they
were 2200 g, 2770 g, and 3690 g for female twins, respectively.
Conclusion: This is the first nationwide birth weight norm for twins in Taiwan, which is partic-
ularly useful for investigation into the predictors and outcomes of altered fetal growth through
twin studies in the Taiwanese population.
Copyright ª 2015, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Twin births account for 2e3% of all births in Taiwan1 and
2e4% worldwide.2e4 Twin birth is an established risk factor
of perinatal morbidity and mortality as well as long-term
disability.5e8 Although twin births are associated with low
birth weight and preterm delivery, two other risk factors of
perinatal morbidity,5,6 the extent to which degree these
associations explain twin-related risks is not clear. Indeed,
previous studies have suggested a complex pattern of
growth and developmental trajectories among twins
different from singletons,5,8 and it might not be appro-
priate to estimate twin-related risks using singleton-based
growth reference.
Birth weight standards for twins have been published
and updated in several countries including Argentina,
Australia, Canada, Japan, and Norway.9e13 By contrast,
birth weight for twins has not been established in Taiwan
since a single-center report using data from births in the
period of 1980e1991.14 This study aimed to develop a na-
tional birth weight norm for twins by sex and gestational
age through the Taiwan Birth Registry.
2. Materials and methods
The Taiwan Birth Registry in the Ministry of the Interior was
established in 1970, and since 1994 birth certificates of all
live births have been directly reported to the Household
Registration Office by obstetricians or well-trained mid-
wives as well as guardians. Considering the steadiness, we
used live births in Taiwan during 1998 to 2002 in this study.
We excluded live twin births for whom birth weight was
either missing or registration was made > 3 months after
the date of birth. To avoid data entry errors, we further
excluded twin births with extreme registered birth weight
at both ends beyond the range of median  2  (inter-
quartile range) within twin births born at the same gesta-
tional age in weeks. We then estimated the distribution of
birth weight for each 1-week increment of gestational age
from 21 weeks of gestation, presented in percentiles (the
5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles), using
weighted polynomial model for data smoothing. Analysis
was carried out by using SAS, version 9.1 (SAS Institute,
Inc., Cary, NC, USA). Twin births born beyond 41 weeks of
gestational age were combined into one group. We tested
the model from the second to the fifth degree and judged
the suitability based on R2 and the empirical shape. All
results were analyzed and reported by sex.3. Results
From 31,703 twin babies born in 1998e2002 who were
identified in the Taiwan Birth Registry with birth weight
that was recorded within 3 months after the date of birth,
we excluded 248 (0.7%) extreme outliers within each cor-
responding gestational age beyond the range of median  2
 interquartile range. Subsequently, 31,455 live-born twin
babies were included in the analyses. Birth and de-
mographic characteristics of twin births by year are shown
in Table 1. The male/female ratio was 1.04. In both sexes,
we found increasing percentages of foreign maternal na-
tionality over time during 1998e2002. We also found
downward trends for mean birth weight (86 g, 3.5%),
upward trends for low birth weight (< 2500 g) increasing by
7.5%, and preterm deliveries increasing by 11%. After
adjustment for parity and with stratification by gestational
age, birth weights of male twins were significantly higher
than those of female twins.
Despite the trends in maternal nationality and preterm
deliveries, we found little difference in birth weight across
years after stratification by gestational age. Therefore, we
established the national standard for birth weight in twins
using pooled data across 1998e2002, stratified by sex. We
decided to smooth the birth weight curves by gestational
age using fourth-degree polynomial model, which was
found to be most explanatory based on R2 and the empirical
shape as shown in Tables 2 and 3. We also plotted the
smoothed curves along the 5th, 10th, 25th, 50th, 75th, 90th,
and 95th percentiles, as shown in Figures 1 and 2.4. Discussion
The distribution of birth weight may vary between pop-
ulations and over time. An international comparative study
showed large variations in birth weight of up to 11% between
different populations.15 A comparison of twin birth weight
data from Australia, United States, The Netherlands, Japan,
and South Korea showed the difference between Western
and Eastern countries to be> 40%, and it was concluded that
variations in phenotypic variances of birth weight within
Caucasians and within East Asians were mainly attributable
to differences in nonshared environmental variances.16
These findings underline the importance of the develop-
ment of national birth weight standards. Reference birth
weight was also calculated from population-based data in
countries such as Norway and Canada.11,13 Our study
Table 1 Characteristics of twin newborns between 21 weeks and 43 weeks in Taiwan from 1998 to 2002.
1998 1999 2000 2001 2002
Number 6009 6661 7033 6009 5991
Outliner 0.7 0.9 0.8 0.6 0.9
Sex
Male 52.4 52.3 52.1 51.9 50.6
Female 47.6 47.7 47.9 48.1 49.4
Parity
Primipara 42.6 46.1 47.4 53.4 53.0
Multipara 57.4 53.9 52.6 46.6 47.0
Paternal nationality
Taiwanese 99.9 99.8 99.6 99.5 99.6
Foreign 0.1 0.2 0.4 0.5 0.4
Maternal nationality
Taiwanese 96.5 95.7 94.9 93.2 91.3
Foreign 3.5 4.3 5.1 6.8 8.7
Low birth weight 54.2 55.4 57.2 61.0 61.7
Preterm 45.6 47.0 51.4 53.8 56.6
Gestation age (wk)
Median 37 37 36 36 36
Standard deviation 3 3 3 3 3
Birth weight (g)
Range 375e4350 325e4450 300e4250 370e4110 250e4060
Median 2442 2446 2400 2370 2360
Standard deviation 527 512 502 499 508
Data are presented as %, unless otherwise indicated.
296 I.-J. Hu et alpresents birth weight-by-gestational-age distribution by sex
for twin births based on Taiwanese data.
The incidence of twin birth was low prior to the devel-
opment of assisted reproductive technology.17 The inci-
dence increased from 0.6% during 1954e1964 to 2.5% duringTable 2 Smoothing birth weight percentiles of gestational age
polynomial smoothing method.
Gestational age (wk) No. 5th 10th
w22 29 384.7 394.9
23 40 401.6 440.9
24 49 437.4 495.2
25 67 492.1 566.9
26 80 564.9 654.7
27 79 654.6 757.1
28 117 759.9 872.3
29 137 879.1 998.4
30 203 1010.1 1133.4
31 262 1150.4 1275.1
32 449 1297.2 1421.2
33 558 1447.4 1569.2
34 1047 1597.2 1716.5
35 1839 1742.5 1860.2
36 3394 1878.6 1997.5
37 4315 2000.4 2125.2
38 2504 2102.1 2240.1
39 717 2177.4 2338.8
40 364 2219.4 2417.8
41þ 55 2171.9 2501.81998e2002 in Taiwan. The increased incidence of twin birth
may largely be a consequence of assisted reproductive
technology. Twin births are associated with a greater risk
for neonatal morbidity and mortality than singletons. Inci-
dence of long-term disability, such as cerebral palsy, is alsos for male twin births in Taiwan between 1998 and 2002 by
25th 50th 75th 90th 95th
419.8 475.6 508.6 571.7 583.3
495.4 552.9 619.3 686.3 710.2
568.5 635.6 719.1 790.7 826.3
658.2 739.4 836.8 914.5 963.4
762.9 860.9 969.9 1055.1 1118.2
880.8 996.8 1115.8 1210.0 1287.2
1010.3 1144.0 1272.2 1376.6 1467.1
1149.4 1299.3 1436.4 1552.4 1654.9
1295.9 1460.0 1606.4 1735.0 1847.6
1447.9 1623.4 1779.7 1922.0 2042.8
1602.9 1787.1 1954.5 2111.4 2238.1
1758.7 1949.1 2128.9 2301.2 2431.7
1912.9 2107.8 2301.1 2489.5 2622.2
2062.8 2261.9 2469.9 2674.9 2808.4
2205.9 2410.6 2634.2 2856.2 2990.1
2339.5 2553.7 2793.2 3032.3 3167.4
2460.9 2691.4 2946.4 3202.7 3340.9
2567.2 2824.5 3093.9 3367.2 3512.1
2655.5 2954.6 3235.8 3525.9 3683.3
2766.6 3215.2 3506.9 3828.5 4037.7
Table 3 Smoothing birth weight percentiles of gestational ages for female twin births in Taiwan between 1998 and 2002 by
polynomial smoothing method.
Gestational age (wk) No. 5th 10th 25th 50th 75th 90th 95th
w22 14 301.5 414.3 436.8 456.1 509.5 538.7 539.7
23 38 365.7 446.0 496.0 541.3 597.2 662.1 680.6
24 30 414.8 490.0 555.9 619.3 682.8 758.0 788.4
25 60 475.9 551.2 633.5 716.1 789.9 872.5 915.6
26 60 549.3 628.3 727.0 828.3 914.3 1002.7 1058.5
27 52 634.9 719.9 834.2 952.9 1052.4 1145.9 1213.6
28 80 732.3 824.6 953.4 1087.3 1200.9 1299.9 1378.3
29 101 840.8 940.6 1082.6 1229.1 1356.7 1462.5 1549.9
30 173 959.3 1066.2 1219.8 1376.0 1517.5 1631.8 1726.6
31 219 1086.4 1199.6 1362.9 1526.4 1681.3 1806.1 1906.6
32 399 1220.2 1338.8 1510.1 1678.6 1846.3 1984.1 2088.7
33 553 1358.7 1481.7 1659.3 1831.5 2011.4 2164.5 2272.2
34 924 1499.1 1625.9 1808.4 1984.1 2175.8 2346.4 2456.8
35 1678 1638.5 1769.0 1955.5 2135.9 2339.1 2529.1 2642.3
36 3176 1773.6 1908.6 2098.4 2286.4 2501.4 2712.2 2829.4
37 3907 1900.4 2041.8 2235.2 2435.6 2663.1 2895.4 3018.9
38 2499 2014.7 2165.9 2363.6 2583.8 2825.2 3078.7 3212.0
39 777 2111.9 2277.8 2481.7 2731.6 2989.0 3262.5 3410.5
40 357 2186.6 2374.3 2587.2 2879.7 3156.2 3447.2 3616.6
41þ 53 2245.5 2507.6 2752.3 3182.0 3510.1 3822.5 4061.8
Twin birth weight percentiles by gestational age 297increased in twins compared with singletons.8 In our study,
the data set from birth registries in the Ministry of the
Interior was analyzed. The charts produced as a result of
the study provide a population norm by birth weight per-
centiles and gestational age for twins based on national
data in Taiwan. The birth weight percentiles by gestational
age are helpful as a reference for perinatal health care
professionals and researchers to identify the high risk fetus
and neonates who require more intensive observation and
special care. However, it is important to note that
percentile charts do not represent the growth standards of
fetuses remaining in utero but weight at birth.18
We demonstrated that birth weight rose with increasing
gestational age with greater slopes during the third
trimester, which was comparable to previously reported
population-based studies in singletons and multiple
births.13,19 The gestational age at which singleton and twin
growth curves start to differ was reported to range from the
24th week to the 36th week of gestation. According to Hsieh
et al’s13 study and to our report, the fetal growth patterns
of singleton and twin births remain similar until 29 weeks of
gestation and start to diverge progressively thereafter,
which is comparable to previous reports.19 No obvious level-
off phenomenon was noted in our study, however. The
male/female ratio was within 1.02e1.10 during this period.
The mean birth weight among Taiwanese newborns was
higher than those born during 1980e1991 at a single hos-
pital.14 A nonstatistically significant negative relationship
was observed between mean birth weight and birth year in
our study, which was also seen in population-based study
among Norwegians, where overall decline in mean birth
weight for twins owing to a significant fall in the mean
gestational age was observed over time from 1967e1976 to
1987e1995.13 The negative relationship seen in these
studies between birth weight and birth year may beattributable to differences in study populations and the
prevalent obstetrical practice in a particular hospital.
Recently, there has been a stable incline in transcultural
marriage in Taiwan. In the marriage statistics of 2003, 28%
of brides were foreign-born.20 The percentage of infants
born to foreign-born mothers has increased from 5.3 % in
1998 to 12.7 % in 2002. How the foreign maternal nation-
ality contributed to birth weight of twins was not clarified.
Further epidemiologic research of transcultural marriage
and its potential impacts in Taiwan is warranted.
The birth-weight percentile curves of twins produced
from our data are similar to those of Japanese and South
Korean twins based on data during 1986e2003.12,16,21 Ac-
cording to the report by Kato,21 the 50th percentile of birth
weight was approximately 2.5 kg at gestational age of 37
weeks for male twins and 2.3 kg for female twins in Japan,
and only a small difference was observed between Japa-
nese and Taiwanese national data. However, birth weight
difference exists among twins of different ethnicities. Point
estimates of the low and high optimal birth weight at 36
weeks’ gestation among male and female twin live births in
the Unites States in the period of 1995e2002 were 1899 g
and 1814 g (third percentile) and 3278 g and 3147 g (97th
percentile), respectively.22,23 The means and standard de-
viations of twin birth weight for Caucasians were
2613.3  541.3 g and 2514.6  535.4 g for male and female
twins, respectively, which were 40% larger in male and 47%
larger in female Caucasians than in Asians.16 The 50th
percentile values of birth weight of Taiwanese male twin
newborns were 155 g, 130 g, and 120 g less than those re-
ported from Australia, the United States, and Canada,
respectively, whereas differences in female newborns were
150 g, 84 g, and 130 g, respectively, at the gestational age
of 40 weeks.10,11 The differences may mainly be attribut-
able to race-specific influences, educational background,
Gestational age (week)
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Birth weight (g)
0
500
1000
1500
2000
2500
3000
3500
4000
4500
95th percentile 
90th percentile 
75th percentile 
50th percentile 
25th percentile 
10th percentile 
5th percentile 
Figure 1 Birth weight curves for male twin births between 21 weeks and 42 weeks by polynomial smoothing method.
298 I.-J. Hu et aland socioeconomic status as in singletons.24,25 Therefore,
the references of birth weight percentiles by gestational
age should be formulated separately based on racial dif-
ferences and should be updated every 5e10 years.
The comparison between twins and singletons in terms of
intrauterine growth is more complex than it seems at first
glance. In our study, the median birth weight for twins is
below that of singletons at every gestational age. Thedifference was on average 60 g for males and 30 g for fe-
males after the gestational age of 29 weeks. This result was
comparable to a previous study.15 The increased discrep-
ancy after 29 weeks of gestation might reflect intrauterine
constraint or placental insufficiency.18 It was accepted that
fetal growth was determined by constitutional characteris-
tics modulated by the uteroplacental unit. When the uterus
exceeds its limited capacity to distend, intrauterine growth
Gestational age (week)
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Figure 2 Birth weight curves for female twin births between 21 weeks and 42 weeks by polynomial smoothing method.
Twin birth weight percentiles by gestational age 299was restricted. Uterine contraction under the condition of
overdistended uterus may cause preterm labor.18 However,
fetal maturity was believed to accelerate under stress. Is
there a role for late preterm labor in twin or multiple ges-
tations? The nadirs of perinatal mortality rate, respiratory
distress syndrome incidence, and long hospital stay rate
were lowest at 39-, 40-, and 38-weeks’ gestation of twins,
respectively, according to Hartley et al.26 If the data were
limited to those delivered via vagina without induction of
labor, the perinatal mortality rate was lowest at 37 weeks’
gestation. The authors suggest the optimal delivery timing
at 37e38 weeks’ gestation for twins. However, a Cochrane
review shows that there are insufficient data to support apractice of elective delivery from 37 weeks of gestation for
an otherwise uncomplicated twin pregnancy at term.27
Furthermore, the birth weight norms did not represent
fetal growth.18 The index of fetal body weight alone is
insufficient for a diagnosis of intrauterine growth retarda-
tion. Intrauterine growth retardation refers to deviation and
reduction in expected fetal growth pattern. Postnatal Pon-
deral index is also important in making the diagnosis of in-
trauterine growth retardation. However, there were no
available datasets of birth length and head girth to establish
norms as a reference in our study. Future anthropometric
measurements including birth length and head girth recor-
ded in birth registration are highly recommended.
300 I.-J. Hu et alIn conclusion, we analyzed the characteristics of >
30,000 twin births in Taiwan during 1998e2002. Birth
weight reference curves for twins can be developed using
population-based data, which are better than those ob-
tained when using other data sources. Results of the pre-
sent study can be used for assessment of twin births
regarding whether they are truly growth-retarded or with
appropriate intrauterine growth as twins. The charts of
normal birth weight by gestation age are helpful for clinical
and public health care professionals in investigating the
predictors and outcomes of altered fetal growth and in
providing appropriate care for twins.Conflicts of interest
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